In recent years, the *British Medical Journal* published several papers apropos the "parachute approach evidence-based medicine" ([@B1]). In the original profound article, Smith and Pell argued that the parachute use to prevent death and major trauma due to capital challenge is clearly obvious, and there is no need for randomized controlled trials ([@B2]). Although this argument may hold true in medicine for only few situations, waiting for the results of randomized end point trials of therapeutic interventions can cost hundred of lives under certain circumstances. If the science is good, we should act before trials are performed using intermediate end points or "surrogates" as therapeutic targets. Indeed, surrogate parameters have emerged as most helpful tools for an evidence-based approach for therapeutic decisions in cardiovascular medicine. The ensuing article outlines the pro arguments that surrogates are most acceptable targets for treating patients with hypertension and diabetes.

ELIGIBILITY OF SURROGATES
=========================

According to Merriam Webster\'s dictionary, the meaning of surrogate is "one appointed to act in place of another" and "one that serves as a substitute." In the 2007 European Society of Hypertension Guidelines ([@B3]), the word "surrogate" is replaced by the wording "intermediate end point," thereby pointing to the fact that, in hypertensive disease, a surrogate in general reflects early structural or functional changes of the vascular, renal, or cardiac tissue due to the presence of cardiovascular risk factors. More specifically, certain requirements for clinical use of organ damage measures should be fulfilled before a clinical parameter is considered an intermediate end point or surrogate for fatal or nonfatal cardiovascular complications. These eligibility criteria are as follows: the surrogate must be a sensitive and common marker of early damage in cardiovascular disease, should ideally be measured noninvasively, should have a high reproducibility (low between/within-observer variability), the assessment must be (worldwide) standardized, and evidence of prognostic importance of the selected surrogate parameter should be documented in several populations. Moreover, and most importantly, reduction of surrogate parameters for organ damage should be associated with improved cardiovascular and renal prognosis as evidenced in more than one prospective randomized clinical trial.

According to current guidelines and practice by the authorities for drug approval (Europe, Middle East, and Africa \[EMEA\], Food and Drug Administration), the biomarkers (blood pressure, blood glucose, and serum lipid concentrations) are accepted as surrogates in the field of hypertension and diabetes. The justification for acceptance of these parameters (all are more biomarkers than surrogate parameters of organ damage measures) is based on epidemiological evidence, documented pathogenetic links between these biomarkers and cardiovascular damage, and most salient, the evidence that reduction of these biomarkers is associated with improved cardiovascular prognosis and increased life expectancy. The weakness of this concept, at least from a clinical perspective, is that the accuracy of indicating incident of cardiovascular disease is poor. Overall, it has been clearly shown that 2 mmHg reduction in blood pressure is related to a 7% reduction of myocardial infarction and a 10% reduction of stroke ([@B4]). Although this finding is helpful from a general perspective, the precision/accuracy as to which of the hypertensive patients profit most from blood pressure--lowering intervention is inadequate and does not facilitate a tailored therapeutic approach.

Therefore, the question arises whether there are additional surrogates that can more precisely predict the cardiac, renal, or vascular prognosis of diabetic and hypertensive patients.

SURROGATES OF CARDIOVASCULAR-RENAL DAMAGE
=========================================

More than 15 years ago, Dzau and Braunwald ([@B5]) introduced the concept of the cardiovascular continuum in medicine. Starting with the well-known cardiovascular risk factors, such as diabetes, hypertension, and hyperlipidemia, early functional and structural changes in the renal and systemic vasculature occur as evidenced by vascular and endothelial dysfunction, atherosclerosis, and vascular and cardiac remodeling. If treatment remains inadequate for a longer period, myocardial infarction and stroke occur, ultimately leading to ventricular dilatation, congestive heart failure, and end-stage heart disease and eventually to cardiac and cerebrovascular death. Recently, we learned that parallel to the cardiovascular continuum, a similar renal continuum exists, starting with the same cardiovascular risk factors and leading to similar pathogenetic processes. Whereas microalbuminuria and macroalbuminuria/proteinuria reflect the intermediate stage of the renal continuum, decreased renal function and end-stage renal disease are at the far end of the renal continuum. A pivotal goal of treating cardiovascular-renal disease is to prevent the progression of the disease along the cardiovascular and renal scale. Identification of surrogate parameters within this range would help to specify the stage of cardiovascular-renal damage in individual patients and, therefore, provide the tool for individualized treatment strategies. In other words, the greater the cardiovascular and renal damage, the more aggressive and persistent the treatment strategy should be.

In the 2007 European Society of Hypertension Guidelines, the requirements have been carefully defined ([@B3]). Several measures of subclinical cardiovascular-renal damage have been subsequently identified, and screening has been recommended for each hypertensive and diabetic patient. To identify early structural changes of the heart, left ventricular mass, relative wall thickness as a parameter for the concentric type of left ventricular hypertrophy (LVH), and left atrial remodeling were identified as surrogates fulfilling all requirements of intermediate end points ([Fig. 1](#F1){ref-type="fig"}). For example, LVH is a specific and sensitive marker of early hypertensive heart disease and can easily be detected by electrocardiography and echocardiography ([@B6]). The assessment of LVH is standardized and according to several prospective trials, it has been documented as a major cardiovascular risk factor in the hypertensive, diabetic, and general population of various ages, sex, and ethnic origins. Furthermore, with progressive increase of left ventricular mass, the risk of cardiovascular events increases in parallel ([@B7]). Accordingly, intima-media thickness of the carotid arteries serves as an excellent surrogate of cardiovascular risk associated with carotid artery disease ([@B8]). In the systemic circulation, carotid-femoral pulse wave velocity was found to have predictive value for cardiovascular events in \>12 studies comprising 13,000 subjects with various cardiovascular disorders at baseline ([@B9]).
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The surrogate marker "increased albumin excretion" does not only indicate the development of chronic renal failure and end-stage renal disease, but serves also as an indicator for cardiovascular prognosis ([@B10]). In the Losartan Intervention for Endpoint Reduction in Hypertension (LIFE) trial, increased albumin excretion, even in the normal range (the so-called low-grade albuminuria), is associated with increased cardiovascular event rate ([@B11]). In the general population-based PREVEND study, there was a progressively enhanced risk of cardiovascular mortality with increased albumin concentration in the spot urine ([@B12]). Thus, increased urinary albumin excretion (low-grade albuminuria, microalbuminuria, and macroalbuminuria) fulfils all the requirements of an ideal surrogate parameter for renal and cardiovascular disease ([@B3]). In particular, the simplicity of measuring urinary albumin excretion from the spot urine, as well as its high sensitivity and prognostic importance, has been well evidenced in the last 5--10 years.

IMPROVED PROGNOSIS RELATED TO REVERSAL OF SURROGATE END POINTS
==============================================================

It is a proven fact that the reduction of blood pressure, blood glucose, and serum LDL cholesterol levels are associated with improved cardiovascular, cerebrovascular, and renal prognosis. Such evidence has been documented in randomized controlled clinical prospective trials and has lead to the inclusion of these biomarkers in therapeutic recommendation of various international guidelines ([@B3]). Likewise, prospective trials using echocardiography to diagnose LVH have consistently found that regression of LVH results in a reduced cardiovascular event rate ([@B13]). In a meta-analysis, the odds ratio was 0.41 in favor of LVH regression as opposed to LVH persistence. In the LIFE trial, regression of electrocardiographic evidence of LVH led to a highly significant reduction of cardiovascular mortality, myocardial infarction, stroke, and the composite end point. This finding was significant, since even after adjustment for treatment effect, baseline Framingham risk score, and baseline and in-treatment systolic and diastolic blood pressure, the hazard ratio of cardiovascular complications remained significantly reduced in favor of LVH regression ([@B14]).

In addition to the prognostic data, our pathogenetic understanding of hypertensive disease supports the concept that LVH is a valid surrogate for cardiac organ damage at a stage when the structural and functional changes can be reversed (intermediate end point). Several clinical studies have found that reduction of LVH leads to improved myocardial ischemia, improved systolic contractility, and improved left ventricular filling, reduced incidence of atrial fibrillation, and ventricular arrhythmia ([@B6]). All these cardiac impairments due to LVH predispose to myocardial infarction, congestive heart failure, thrombo-embolism, and cardiac sudden death ([@B6]). Conversely, it can be expected that reversal of these pathogenetic mechanisms result in improved cardiovascular prognosis. Thus, it is conceivable that also in the HOPE study, i.e., in patients at high risk of cardiovascular events, reduction of primary outcome (cardiovascular death, myocardial infarction, and stroke) was determined by the changes in LVH ([@B15]).

To date, only a few, but nevertheless, large prospective trials have substantiated the notion that reduction of albuminuria is linked to improved renal and cardiovascular prognosis. In the LIFE trial, comprising nearly 10,000 hypertensive patients with LVH, reduction of urinary albumin excretion within the first year (most occur even in the normoalbuminuric range) has been found to have a lower incidence of the composite end point of cardiovascular death, stroke, and myocardial infarction ([@B16]).

Similarly, in a study analyzing microalbuminuria and tubular proteinuria as risk predictors of cardiovascular morbidity and mortality in essential hypertension (MARPLE study), it was found that conversion of pathological albuminuria to normal-range albuminuria was associated with a reduced cardio- and cerebrovascular morbidity and total mortality ([@B17]). In the Reduction of Endpoints in NIDDM with the Angiotensin II Antagonist Losartan (RENAAL) trial, the treatment of hypertensive patients with type 2 diabetes and overt proteinuria by effective blood pressure control with an angiotensin receptor blocker has been analyzed throughout follow-up of 2.6 years. In this trial, reduction of proteinuria of \>30% was highly significant and associated with reduced incidence of renal end points (mostly renal replacement therapy) ([@B18]) and, in parallel, to improved cardiovascular prognosis with respect to the cardiovascular combined end point, as well as to congestive heart failure ([@B19]) ([Fig. 2](#F2){ref-type="fig"}).
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Thus, with respect to LVH and albuminuria, we have solid evidence that reduction of these surrogates is followed by a lower incidence of cardiovascular and renal complications.

THE VALUE OF SURROGATES IN CLINICAL PRACTICE
============================================

Identification of surrogates in clinical practice facilitates diagnosis of organ damage at a stage when fatal consequences can be avoided by adequate treatment. Moreover, the stage within the cardiovascular and renal continuum can be identified for each individual patient and, consequently, individualized treatment strategies may be applied. The treatment of LVH should be preferably carried out with calcium antagonists, ACE inhibitors, and/or angiotensin receptor blockers, since they have been found to be superior to diuretics and β-receptor blockers in reducing LVH ([@B20]). It is of interest that even after \>5 years of treatment, the significant difference in regression of LVH persisted between the treatment strategies with β-receptor blockers, as opposed to angiotensin receptor blockers ([@B21]). Accordingly, hypertensive patients with diabetes and elevated urinary albumin excretion should preferably be treated with ACE inhibitors and angiotensin receptor blockers ([@B3]). These recommendations are based on several clinical trials and meta-analyses. The studies uniformly demonstrated that the mentioned preferential drug classes have organ-protective effects beyond those of their effect on blood pressure alone.

The assessment of surrogates in long-term treatment is a clinically helpful tool to ensure the patient\'s adherence to the regimen. Reduction of albuminuria or LVH after several months should be conveyed to the patient as an indicator of improved structure and function in the respective organ. Long-term adherence is essential for the effectiveness of any treatment strategy, and the measurement of surrogates represents a tool for individualized treatment approaches and helps to improve the patient\'s adherence. In contrast to the assessment of vascular risk scores that represent a more general approach of risk assessment, identification of early organ damage along the cardiovascular and renal continuum enables the physician to use an individualized approach that is clearly preferential. This facilitates a tailored medication to treat to the detected organ damage.

CONCLUSIONS
===========

Only few clinical parameters fulfill the requirements for acceptance as a surrogate of organ damage in cardiovascular medicine. Undoubtedly, left ventricular hypertrophy, albuminuria, and to a lesser extent, parameters of vascular stiffening (e.g., pulse wave velocity) represent clinically helpful tools to adequately diagnose hypertensive diabetic patients and to modify their treatment on an individual basis. Treatment of surrogates further represents helpful tools to monitor the success of therapy and adherence to the administered medication.
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